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ABSTRACT

Estuaries are coastal areas that have a fairly high fertility rate. This region can be said to be fertile because it is
influenced by such physical factors as temperature, turbidity, light, and current as well as such chemical factors
as salinity, dissolved oxygen, pH, and nutrient content. The estuary of the Banjar Kemuning River is a coastal
area with a lot of human activities, and it is close to the mainland, causing the change in the nutrient content in
the waters. The nutrient content in the waters is closely related to the phytoplankton abundance, as the higher the
nutrient content in the waters, the greater the phytoplankton abundance and the chlorophyll-a content. The level of
chlorophyll-a content in the waters can indirectly be used as an indicator of the phytoplankton abundance, which
can determine the level of fertility of these waters. The purpose of this study was to determine the relationship
between the phytoplankton abundance and the chlorophyll-a content in the estuary of the Banjar Kemuning River.
This study is observational research with data analysis using linear regression, simple correlation (Pearson), and
ANOVA. In addition, the data collection was carried out by purposive random sampling at predetermined points
of stations. The results of this study indicated that the phytoplankton abundance and the chlorophyll-a content at
the estuary of Banjar Kemuning River during different months were significantly different (P<0.05). The aver-
age phytoplankton abundance during the study was 19,256 cells/L, 19,044 cells/L, and 22,613 cells/L, while the
average chlorophyll-a content during the study was 0.958 pg/L, 0.998 ug/L, and 1.167 ug/L. The conclusion was
drawn that there is a difference between the phytoplankton abundance and the chlorophyll-a content each month
and classified into high correlation.
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INTRODUCTION

The coastal areas that have a fairly high fer-
tility rate are called estuaries. The areas include
estuaries and large deltas, mangrove forests near
estuaries, and extensive sand dune (Sari et al.,
2019a; Sari et al., 2019b; Sari et al., 2018a). This

region can be said to be fertile because it is in-
fluenced by physical factors which include tem-
perature, turbidity, light and current as well as
chemical factors in the environment including sa-
linity, dissolved oxygen, pH and nutrient content
(Mellard et al., 2011; Putri et al., 2018; Syaifu-
din 2017). These factors can affect the growth of
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phytoplankton and zooplankton in the waters. A
high level of phytoplankton growth can increase
the abundance of phytoplankton in the waters
(Pratiwi et al., 2015). The estuary of the Banjar
Kemuning River is an area that is rich in nutri-
ent content, so the nutrient content can be said
to fertilize the coastal areas (Sari et al., 2018b;
Suprapto et al., 2014). The nutrient content in the
estuaries can increase the growth of phytoplank-
ton (Rinawati et al., 2020; Pratama et al., 2020).
Specifically, the content of nutrients such as ni-
trogen and phosphorus can be said to be the main
requirements for the phytoplankton life (Azmi et
al., 2020; Masithah et al., 2016).

The nutrient content in estuaries is used by
phytoplankton to grow and develop (Wenno,
2007). The nutrient content in the waters is
closely related to the phytoplankton abundance,
as the higher the nutrient content in the waters,
the greater the phytoplankton abundance and the
chlorophyll-a content. Magumba et al. (2013)
stated that the nitrogen element is very siginifi-
cant to the chlorophyll content, especially chlo-
rophyll-a, which is the type of chlorophyll that is
mostly found in seawater phytoplankton (Arief
& Laksmi, 2006), and chlorophyll-a contributes
95% to primary productivity in the sea (Widy-
orini, 2009).

According to Valiela (1984), the content dis-
tribution of chlorophyll is higher in the sea and
coastal areas, but it is lower in offshore waters. It
is caused by the presence of large amount of nutri-
ent supply through the run-off from the mainland,
while the low chlorophyll content in offshore wa-
ters is due to the absence of direct nutrient supply
from the mainland. The level of the chlorophyll-a
content in the waters can be indirectly used as an
indicator of the phytoplankton abundance, which
can determine the level of fertility of these wa-
ters. The fertility of waters is very important, so
it is necessary to conduct research on the analysis
of the phytoplankton abundance and the chloro-
phyll-a content in the estuary of Banjar Kemuning
River, Sedati District.

MATERIAL AND METHODS

This research was conducted from October
to December, when there was a seasonal change
from the dry to the rainy season at 09.00-11.00
GMT +7 with plankton nets (20 pm mesh size).
This study is a type of observational research
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using a quantitative descriptive method with ana-
lyzed using Analysis of Variance (ANOVA), fol-
lowed by Duncan’s Multiple Range Test, simple
correlation analysis (Pearson) and regression
analysis (Nindarwi et al., 2020; Liyana et al.,
2019; Sugiyono, 2004).

The sampling site was divided into two zones,
namely zone A which was the estuary of Banjar
Kemuning River, and zone B that separated the
estuary and the open area. Zone A consisted of
three stations, namely Al, A2, and A3. The first
station (A1) was close to the residential areas,
while the second station (A2) was close to ponds,
and the third station (A3) was close to mangrove
forests. Meanwhile, zone B consisted of three
stations, namely B1, B2, and B3 facing the open
area. The first station (B1) was closer to the estu-
ary, while the second station (B2) was between
the first and the third stations, and the third station
(B3) itself was in the open area. The map of the
sampling site can be seen in Figure 1.

The water samples were collected using a
plankton net with a diameter of 20 cm as far as
3 meters with a distance of 200 meters from each
station. The water bottles used for sampling had
to be dark so that the chlorophyll content con-
tained by phytoplankton was not easily damaged.
Furthermore, the sample bottles were stored in a
coolbox and given an ice cube after arriving on
land; the temperature in the coolbox was + 4°C
(Marlian, 2016; Larasati, 2017). The environ-
mental parameters were recorded from each sta-
tion. Salinity was measured using a refractometer
[ATAGO]. The measurement of pH used a pH
meter [HANNA]. The measurement of dissolved
oxygen and temperature used a DO meter [YSI
550 A]. The measurement of turbidity at each
station used a Secci disc. Ammonia (Indonesian
National Standard (SNI) 6-6989.30.2005), nitrate
(SNI 6989.79. 2011), nitrite (SNI 6989.79:2011)
and phosphate (SNI 06-6989.31. 2005) are tested
in the of Institute for Research and Standardiza-
tion of Industry (BARISTAND), Surabaya. The
measurement of the chlorophyll-a content was
carried out at the Laboratory of Chemistry and
Analysis at the Faculty of Fisheries and Marine
Sciences using the spectrophotometric method
(Vonshak, 1997).

The sample identification was carried out
using the 1 mL sub-sample method (Arinardi et
al., 1997). The identification process was car-
ried out on a glass object using a microscope
magnification of 100 — 400 times. The plankton
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Figure 1. A map of sampling stations

identification was based on the books about phy-
toplankton identification including Phytoplankton
Identification, Marine Phytoplankton Atlas of Ku-
wait s Waters and Identifying Marine Phytoplank-
ton. The analysis of the phytoplankton abundance
was conducted using Sedgewick rafter cell, with
the APHA Standard Methods formula (2005).

RESULTS AND DISCUSSION

The abundance of phytoplankton based on
Duncan’s multiple range test shows that in Oc-
tober and November there is no significant dif-
ference, but there is a significant difference in
December (Table 1). The highest average of

phytoplankton abundance occurs in December
and the lowest occurs in November. The lowest
phytoplankton abundance is in zone B of 18,868
cells/L, while the highest phytoplankton abun-
dance is in zone B of 22,754 cells/L. The estuary
of Banjar Kemuning River in the dry season tends
to be more stable than in the rainy season, which
results in a lower phytoplankton abundance. Ac-
cording to Suryono & Moersidik (2015), in the
dry season, the river is more stable because it
does not carry much sediment so that the deposi-
tion by the sediment is relatively lower. The high
abundance of diatoms in zone A is due to the fact
that this zone is an estuary that is affected by hu-
man activities, while zone B is the border area
between the estuary and the open area.

Table 1. The results of ANOVA analysis on the average of phytoplankton abundance and chlorophyll-a during

the study
Month The average of phytoplankton abundance +STD | The average of chlorophyll-a content +STD
October 19,256 + 727° 0.958 + 0.078°
November 19,044 + 411° 0.998 + 0.039°
December 22,613 + 5142 1.167 + 0.049°
Mean and Standard Deviation 20,293 + 1747 1.041 £ 0.108
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The results of the analysis on the chlorophyll-
a content showed that the temporal changes give a
significantly different result to the changes in the
chlorophyll-a content. The chlorophyll-a content
based on Duncan’s multiple range test showed
that in October and November there is no signifi-
cant difference, but there is a significant differ-
ence in December (Table 1).

The highest average of the chlorophyll-a con-
tent test occurs in December and the lowest occurs
in October. This is in line with Lutzu’s statement
(2011) that the environmental factors that influ-
ence the process of the chlorophyll-a formation
are the differences in light intensity and nutrients.
The lowest chlorophyll-a content is found in zone
B in October of 0.922 pg/L. Meanwhile, the high-
est chlorophyll-a content occurs in December in
zone A of 1.195 pg/L, which is presumably be-
cause the influence of nutrient sources in the estu-
ary decreases during the dry season.

The results of the regression calculation of
the relationship between the value of phytoplank-
ton abundance and chlorophyll-a content during
the study from October to December 2019 show
that (R?), which is the coefficient of determina-
tion, is 0.840, which means that the contribution
of variable X (chlorophyll-a) to variable Y (phy-
toplankton abundance) is 84%, while the remain-
ing 16% is influenced by other factors. Other
factors that can affect the diatom abundance are

the changes in nutrients and light (Rahayu, 2019)
and the dynamics of water movement (Sidabutar
et al., 2016). The regression equation formed is
Y =0.05+5.38 X. The positive sign (+) indicates
that if the phytoplankton abundance increases,
the chlorophyll-a content increases as well —
see Figure 2.

In addition, the relationship between the phy-
toplankton abundance and the chlorophyll-a con-
tent is also indicated by the correlation coefficient
(R) of 0.916, which means that the correlation is
very strong (0.75> R> 0.99). The correlation re-
sults show a positive value, which means that the
phytoplankton abundance generally increases the
chlorophyll-a content in the waters.

The environmental factors that have a major
effect on the phytoplankton abundance and the
chlorophyll-a content in the estuary of Banjar
Kemuning River are rainfall, temperature, dis-
solved oxygen, pH, salinity, light intensity, tur-
bidity, current, nitrate, and phosphate. The phyto-
plankton abundance in the waters can also change
along with the environmental changes such as the
rainy season which causes the waters to become
unstable. According to Hoguane et al. (2012),
high rainfall has an impact on the flow of nutri-
ents in the sea which are carried by fresh water, so
that it contains a high nutrient content. The high
rainfall in December also affects the temperature
in the waters.
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Figure 2. The graph of the linear regression on the relationship between phytoplankton abundance
and chlorophyll-a content during the study in the estuary of Banjar Kemuning River
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According to Liwutang et al. (2013), gen-
erally phytoplankton can develop well at the
temperatures of 20-30°C and can affect the
distribution, composition and phytoplankton
abundance in the waters. Temperature has an
important role in the metabolism of aquatic or-
ganisms (Dwiardani et al., 2020; Damayanti et
al., 2020; Holy et al., 2020). In general, the rate
of phytoplankton photosynthesis will increase
along with the water temperature, but it will de-
crease drastically after reaching a certain point.
High temperature will increase the phytoplank-
ton abundance as well as the chlorophyll-a con-
tent in it, while low temperature will reduce the
phytoplankton abundance as well as the chloro-
phyll-a content.

Another influencing factor is light, because
it is the main factor that supports phytoplank-
ton to photosynthesize in the waters so that it
greatly affects the growth of phytoplankton
(Arsad et al., 2019; Anwar, 2015). The depth
and turbidity of the waters will affect the pene-
tration of sunlight intensity into the waters. The
higher the turbidity, the greater the intensity of
sunlight entering the waters (Nybakken, 1992).
Light is a major factor in the process of pho-
tosynthesis. The light with sufficient intensity
will increase the phytoplankton abundance and
the chlorophyll-a content, while the light with
lesser intensity will reduce it. This is in line
with Faturohman et al.’s research (2016) stat-
ing that the high turbidity value at the 5" station
has a high abundance value. In this case, a high
number of individuals and types of phytoplank-
ton is found at the deep location compared to
on the surface, due to the environmental factors
such as the penetration of light entering the wa-
ter, which is high enough to support the life of
phytoplankton to a depth of + 4 meters.

Another contributing factor is the current
which can be used as a medium for the avail-
ability of nutrients used to support the metabo-
lism of phytoplankton and the life cycle through
the movement of water mass due to tides (Ari-
nardi et al., 1997; Szczykowska et al., 2015).
In addition, currents also affect the phytoplank-
ton abundance due to the current patterns that
flow from rivers to the sea which contain a high
number of nutrients such as nitrates and phos-
phates and are supported by high turbidity val-
ues (Widianingsih et al., 2007). The abundance
of phytoplankton is associated with an increase
in the nutrients entering coastal waters that are

carried by currents from the estuaries (Pednek-
ar et al., 2012).

The main factor in the phytoplankton abun-
dance and the chlorophyll-a content is the nu-
trient content. This is because nutrients are
a supporting factor that is needed by phyto-
plankton to grow, especially due to their nitrate
and phosphate contents. According to Fachrul
(2007), nitrates and phosphates are the nutri-
ents that are important for the growth and me-
tabolism of phytoplankton, constituting the in-
dicators used to evaluate the quality and level
of fertility in the waters. The content of nitrate
and phosphate in marine waters will be higher
if the depth increases than it is on the surface,
because the nitrates and phosphates on the sur-
face will be used more by phytoplankton (Fon-
ny & Hanif, 2011).

The results of the research show that in
zone A in November the highest value of ni-
trate is 0.048 mg/L, which still has a fairly
low value compared to good nitrate values for
phytoplankton growth, which is 0.9-3.5 mg/L
(Sitompul et al, 2011). Meanwhile, the results
of the study show that the highest phosphate
level in zone A in December has a value of
1.934 mg/L, while in zone B the highest phos-
phate value is in December of 0.854 mg/L.
These results showed a high value, because
according to Sari (2005), the optimum phos-
phate content for phytoplankton growth ranges
from 0.09-1.8 mg/L. The importance of nutri-
ent content in the waters is closely related to
the phytoplankton abundance, where the higher
the nutrient content in the waters, the higher the
phytoplankton abundance and the chlorophyll-
a content and vice versa.

CONCLUSION

On the basis of the results of the analy-
sis pertaining to the phytoplankton abundance
and the chlorophyll-a content in the estuary
of Banjar Kemuning River, it was shown that
there is a difference between the phytoplankton
abundance and the chlorophyll-a content each
month. The level of closeness of the relationship
between the phytoplankton abundance and the
chlorophyll-a content at the estuary of Banjar
Kemuning River during the study was classified
into high correlation, producing a linear regres-
sion equation Y = 0.05 + 5.38 X.
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